Abstract We describe the epidemiology, diagnosis, and management of adult civilian penetrating trauma to the ureter, bladder, and urethra. Trauma is a significant source of death and morbidity. Genitourinary injuries are present in 10 % of penetrating trauma cases. Prompt recognition and appropriate management of genitourinary injuries, which are often masked or overlooked due to concomitant injuries, are essential to minimize morbidity. Penetrating trauma most commonly results from gunshot wounds or stab wounds. Compared to blunt trauma, these typically require surgical exploration. An understanding of anatomy and a high index of suspicion are necessary for prompt recognition of genitourinary injuries.
Introduction
Trauma accounts for 10 % of mortality in the USA and results in $406 billion annually in health care costs and productivity losses [1•] . Trauma is the leading cause of death in individuals between the ages of 1 and 44 years [2] . Genitourinary injuries are present in about 10 % of trauma cases [1•] .
Penetrating trauma most commonly results from either a gunshot wound (GSW) or stab wound (SW). With GSWs, trauma results from high energy transfer to the body and adjacent structures and has an unpredictable path. Additionally, release of secondary projectiles such as bone fragments causes further injury to adjacent organs. Extent of injury from GSW is related to bullet caliber, velocity, and distance [3] . SWs result from a multitude of objects and typically have a more predictable path. As opposed to blunt trauma, penetrating trauma generally requires surgical exploration [3] .
Lower genitourinary tract trauma can be both life threatening and significantly impact quality of life. Rapid diagnosis and appropriate management is crucial in limiting mortality and morbidity. We review the epidemiology, diagnosis, and management of ureteral, bladder, and urethral penetrating injuries in the adult civilian setting.
Ureteral Injuries Background and Epidemiology
Ureteral injuries account for less than 1 % of all urologic trauma [3] . Injuries are relatively uncommon because the ureters are well protected in the retroperitoneum by the bony pelvis, psoas muscle, and vertebrae. However, a missed ureteral injury can result in significant morbidity. Additionally, because the ureters are well protected, injuries to these structures are often associated with significant concomitant injuries whose management dictates immediate patient care [3] .
In a retrospective analysis of the American National Trauma Data Bank from 2002 to 2006, approximately 2.5 % of all genitourinary trauma involved ureteral injury (582 of 22,706) [4•] . Of these, 61.5 % were secondary to penetrating trauma, and the most common mechanisms were gunshot wounds and stab wounds [5] . The majority of patients with penetrating ureteral trauma are young males (mean age 27) [6] . In one series, the majority of injuries were short segment losses of the upper ureter, while in another, the majority were involving the distal ureter [7, 8] . Penetrating ureteral trauma is often associated with bowel and vascular (more commonly venous) injuries [9] . The mortality rate for patients with penetrating ureteral injuries in one series was 6 % [10] .
Diagnosis
Patients with ureteral trauma often have other major intraabdominal injuries, and the multiple traumas can contribute to a delay in the diagnosis and management of the ureteral injury [11] . Symptoms of ureteral injury may include hematuria and hypotension, although these are not always present [12] . In one series, gross hematuria was found in only 43 % of ureteral injuries [3] . Typically, there are no classic signs or symptoms for ureteral injuries. Rather, one needs to have a high index of suspicion in penetrating abdominal injuries.
In the trauma setting, computed tomography urogram (CTU) can often be performed quickly and gives detailed anatomic information. The AUA trauma guidelines recommend performing abdominal/pelvic CT with intravenous contrast and delayed scans (urogram) for all stable patients with suspected ureteral trauma [5] . Radiographic CT findings suggestive of ureteral injury include contrast extravasation, delayed pyelogram, hydronephrosis, and lack of contrast in the ureter distal to the injury. Intraoperatively, in the stable patient, single shot IVP may give anatomic and functional information. This involves giving 2 cc/kg intravenous contrast as a bolus with a single abdominal x-ray shot at about 10 min to delineate the presence and function of a contralateral renal unit which may influence management of the injured unit. One may also consider a retrograde pyelogram for further anatomic delineation [3] .
In unstable patients with multiple injuries, traumatic ureteral injuries may be diagnosed during exploratory laparotomy, either by direct inspection or by visualizing extravasation of renally excreted intravenous dye such as methylene blue or indigo carmine [3] .
The American Association for the Surgery of Trauma (AAST) has a five-point grading scale for ureteral trauma, described in Table 1 .
Management
Ureteral injuries that go undiagnosed may lead to a urine leak, urinoma formation and sepsis [4•] . Other complications include formation of periureteral abscess, ureteral fistula, and stricture which may result in renal failure [3] . The primary goal for repair is to maintain renal drainage. Management options depend on the site of injury, extent of devitalized ureter, and concomitant injuries. Basic surgical principals include a tension-free anastomosis, debridement of devitalized tissues, spatulation of each end, and water-tight anastomosis. We use absorbable sutures (5-0 PDS) with magnification for repair. We believe that the use of ureteral stents can facilitate healing, although some urologists have voiced concern that stents may lead to stricture formation, inflammatory reaction, and discomfort [3] . We feel that the benefits outweigh the risks and advocate use of stents in ureteral injury repair.
Reconstructive options for the ureters depend on the location and length of injury. Injuries in the upper third of the ureter may be managed with either a uretero-ureterostomy or uretero-pyelostomy. In the middle third, one may consider a uretero-ureterostomy, transuretero-ureterostomy, or rarely a Boari flap. In the lower third, options including a ureteroneocystotomy (primary reimplant) or psoas hitch [3] . Options depend on bladder size and mobility. For ureteral injuries that are longer, one may consider an appendiceal or ileal ureter conduit or potentially a renal autotransplant. In the acute trauma setting, these are not ideal options and should be reserved for reconstruction once the patient is more stable. In the unstable patient, surgery may need to be delayed with temporary urinary drainage by a percutaneous nephrostomy tube.
Bladder Injuries Background and Epidemiology
A review of 2693 trauma laparotomies at a level 1 trauma center found a 4.1 % rate of bladder injuries [13] . Of these, 51.3 % were the result of penetrating injuries. Additionally, in this series, there was a 41.3 % association with rectal injuries [13] . Among these penetrating injuries, 80 % resulted from GSW and 20.9 % from SW [13] . However, a review of the 8565 documented bladder injures in the National Trauma Data Bank found that 85 % of the bladder injuries were caused by blunt trauma [4•] . In blunt trauma cases, bladder injury was reported in 1.6 % [5] . In general, although bladder injury is rare in cases of blunt trauma, patients with bladder injuries are likely to have more severe and life threatening injuries [6] . Motor vehicle crashes and pedestrian with motor vehicle collisions are the most common causes of blunt trauma resulting in bladder perforation (80 %) [1•] . In this series, while most bladder injuries resulted from blunt trauma, penetrating 
Diagnosis
It often is difficult to evaluate for signs of bladder injury because bladder injuries are rarely isolated injuries. However, concomitant pelvic fracture, suprapubic tenderness or fullness, low urine volumes, lower abdominal bruising or swelling, and abdominal hematoma may indicate potential bladder injury [7] . Guttmann describes a triad of clinical symptoms: hematuria, suprapubic or abdominal pain, and difficulty voiding, which may not be present in all cases [8] . For instance, gross hematuria is associated with 67 to 95 % of bladder injuries [9, 10] . Additionally, the severity of blood in the urine does not correlate with the degree of bladder injury; 5 % of traumatic bladder ruptures present without gross hematuria [10] . However, bladder rupture is less likely if microscopic urine analysis shows fewer than 25 red blood cells per highpowered field [8] .
One must have a high index of suspicion for bladder injury based on clinical history, physical exam findings, and laboratory values. If concern exists, bladder imaging is recommended [7] . Conventional radiography with retrograde filling of the bladder has been shown to be equivalent to CT cystogram. When done appropriately (adequate bladder distention with a subsequent drainage phase), both are highly specific and sensitive for intraperitoneal and extraperitoneal bladder injuries [12, 14, 15] . Findings indicative of bladder injury include contrast material visible outside of the bladder, which can vary depending on the location of bladder injury [12] . Thus, a good drainage film is imperative. With an intraperitoneal injury, contrast material is visible outlining the bowels. With extraperitoneal bladder injuries, contrast extravasation may be visualized in the prevesical space, anterior peritoneal space, and tracking to the superficial soft tissues of the anterior and medial thighs [12] .
The AAST uses a one to five grade scaling system for bladder injury as described in Table 2 .
Management

Intraperitoneal Bladder Injuries
An absolute indication for immediate primary bladder repair is intraperitoneal bladder injury. These generally require operative management because they are unlikely to heal with drainage alone due to urine leakage into the peritoneal cavity, which can also result in urinary ascites, abdominal abscess, ileus, and sepsis. Similarly, penetrating bladder trauma generally requires exploration given its high likelihood of concomitant visceral injuries and likelihood of intraperitoneal rupture [5, 16] .
Extraperitoneal Bladder Injuries
Absolute indications for repair of extraperitoneal injuries include concomitant bladder neck injury, rectal or vaginal injury, open pelvic fracture, pelvic fracture requiring open reduction and internal fixation, and bone fragments projecting into the bladder [17] . One may also consider repair of bladder rupture if the patient is already undergoing a surgical procedure where repair of the bladder is facilitated [5] . However, most extraperitoneal bladder injuries can be managed nonoperatively as urine extravasation is usually confined [5] . Injuries to the bladder neck and trigone can compromise continence and therefore generally require repair [18] . In open transvesical repairs, feeding tubes or intravenous indigo carmine or methylene blue can be used to stage the ureters for patency and to help localize the ureteral orifices.
Bladder drainage with a urethral catheter and/or suprapubic tube is important following repair of the bladder. We additionally utilize a closed suction drain placed near our repair site. The fluid from the drain is typically checked for creatinine to evaluate for a urine leak prior to drain removal. After bladder repair, postoperative cystogram is recommended in 10-14 days and has been described as early as 5-10 days after repair [17, 19] . When managing bladder trauma conservatively, decompression with a Foley catheter is recommended followed by interval cystography to assess for resolution of urine extravasation [17] .
Urethral Trauma Background and Epidemiology
Urethral injuries comprise 4 % of urologic trauma injuries and can cause substantial morbidity with marked effects on quality [20] . Given longer urethral length, urethral injuries are more common in men than women. Additionally, the male urethra has less anatomic support. In patients with pelvic fractures, concomitant urethral injuries may be present in up to 25 % of men and 4.6 % of women [21] . Most urethral injuries are related to pelvic fracture and are most commonly caused by motor vehicle collisions [22] . Sixty-five percent of urethral injuries result in complete disruptions while 35 % are incomplete tears [1•] . Penetrating injuries to the anterior urethra most commonly result from GSW to the pendulous and bulbar urethra equally. In a retrospective review from the Henry Ford Center Trauma Registry, a review of 309 patients showed that the urethra was injured in 2.9 % of civilian GSW injuries [1•] . Additionally, these patients often present with concomitant lower extremity and pelvic injuries in 44 and 33 %, respectively [1•]. Anatomically, urethral injuries can be either anterior or posterior. Posterior urethral injuries occur proximal to the perineal membrane at the prostatic or membranous urethra [22] . The anterior urethra includes the bulbar and penile urethra in addition to the fossa navicularis. The bulbar segment is more anatomically fixed in place than the penile or pendulous urethra and therefore more vulnerable to crush injury. With regards to penetrating injuries, the bulbar or penile urethral are equally affected by GSWs [1•] . With regards to blunt trauma, posterior urethral injuries are four times more common than anterior urethral injuries in industrialized societies [1•] . Pubic symphysis diastasis and displaced inferomedial pubic bone fractures occur in up to 88 % of patients with urethral injury [21] . Degree of pubic symphysis diastasis directly correlates with likelihood of urethral injury [21] . Malgaigne, or vertical sheer fractures, involve breaks in multiple pelvic bones, including the pubic rami and the wing of the ipsilateral ilium or the sacrum, with associated upper displacement of the hemipelvis [21] .
Diagnosis
Patients with a urethral injury may present with blood at the urethral meatus, suprapubic fullness, or urinary retention [23] . Because of concomitant injuries, if injury is thought to be due to pelvic fracture, a rectal exam must be performed to stage the rectum in men and vaginal exam to evaluate for vaginal injuries in women. The high riding prostate is an unreliable sign [23] .
Evaluation of the urethra should be performed with a retrograde urethrogram (RUG). Other indications for urethral imaging include an unstable pelvis, penile fracture, or significant perineal hematoma after straddle injury. If contrast extravasation is seen, a suprapubic tube should be placed, although a single gentle pass of a Foley catheter may be attempted [22] . Our technique for performing a RUG includes placing the patient at a 45°oblique angle if possible, flex the bottom leg at 90°, and keep the top leg straight. If there is an obvious pelvic fracture but no blood at the urethral meatus, some argue attempted gentle catheterization with Foley by a urologist. If this fails, a suprapubic catheter should be placed. In women, cystourethroscopy should be considered to evaluate the bladder neck since injury here may lead to urinary incontinence [24] .
In the setting of delayed urethral repair, repeat imaging with RUG and voiding cystourethrogram (VCUG) is essential to better characterize the defect length and location. In instances where visualization of the bladder neck is poor, flexible cystoscopy can be used through the suprapubic site to gain better visualization [17, 25] . MRI can be utilized to further characterize the stricture by estimating length of defect, the degree of prostatic misalignment, and the density of scar tissue, although we do not routinely use this in our practice and it may comprise an unnecessary cost [26] .
AAST also uses a one to five grade scaling system for urethral injury as described in Table 3 .
Management
Posterior Urethra
With injuries to the male posterior urethra, initial exploration and anastomotic repair is not performed as it results in higher rates of stricture, incontinence, and impotence [27] . Placement of a suprapubic catheter is the gold standard of care in men with posterior urethral injuries to allow for urinary diversion and clean healing of sites of injury prior to open delayed urethroplasty [9] . One may attempt endoscopic realignment of the urethra provided the patient has stable injuries that will allow for appropriate positioning. Prolonged attempts at realignment are discouraged, as they are likely associated with worse incontinence and erectile dysfunction. Patients who are successfully realigned require close follow-up as rate of future stenosis Table 3 Urethral injury grading [15] Grade Injury I Urethral contusion, blood at meatus, retrograde normal II Elongation of the urethral without extravasation on urethrography III Extravasation of contrast on urethrography at injury site IV Extravasation of contrast on urethrography at injury site without bladder visualization, <2 cm V Complete transection with > or = 2 cm separation, extravasation into prostate or vagina and obstruction approaches 80 % [28] . In the setting of urethral injuries where primary realignment is not possible, delayed surgical repair is the recommended treatment. These patients should initially be managed with a suprapubic catheter. In general, attempted urethral reconstruction should be delayed until 3-6 months after the injury when scar formation has stabilized and sufficient healing has occurred [29•] .
Anterior Urethra
Penetrating anterior urethral injuries are more commonly managed with initial surgical exploration and primary repair. If there is incomplete disruption, one may consider catheter placement. In cases where additional injuries are present that prevent immediate surgical repair one should place a suprapubic catheter for urinary diversion and perform interval urethroplasty. In the setting of significant tissue loss from injury, suprapubic urinary diversion should be performed and definitive urethral reconstruction should be pursued at a later date.
Conclusion
Genitourinary trauma is present in 10 % of trauma cases [1•] . Penetrating trauma most commonly results from either GSW or SW. The extent of injury from GSW is related to bullet caliber, velocity, and distance [30] . SWs result from a multitude of objects and typically have a more predictable path. As opposed to blunt trauma, penetrating trauma generally requires surgical exploration [30] . A retrospective review from the San Francisco General Hospital, a level 1 trauma center, showed that 84 % of GSWs involving the lower urinary tract involved the bladder [29•] . Additionally, 80 % were associated with a concomitant bowel injury, with 34 % being a rectal injury. Bullets that went anterior to posterior were associated with intestinal injuries in 71 % of cases versus 45 % when it was posterior to anterior [29•] . Lower genitourinary tract trauma can be both life threatening and significantly impact quality of life. Rapid diagnosis and appropriate management is crucial in limiting mortality and morbidity. Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects performed by any of the authors.
